Selective chromo-fluorogenic detection of trivalent cations in aqueous environments using a dehydration reaction † ) induced a dehydration reaction of a chemodosimeter in water that is coupled with colour and emission changes.
The preparation of probes for the selective recognition of trivalent cations has received increased attention in the last few years due to the crucial roles played by these cations in many biological and environmental processes. For instance, Al 3+ is the third most abundant element on earth and some aluminum derivatives are used in water purification, as food additives and in pharmaceutical formulations. Unfortunately, an overdose of Al 3+ in human tissues and cells can induce diseases like
Parkinson's, osteoporosis, headache, gastrointestinal problems and Alzheimer's. 1 Iron is the most abundant transition metal in cells. It is used as a cofactor in the electron transport system and in many biochemical processes at the cellular level. 2 Its deficiency can lead to anemia, hemochromatosis, diabetes, liver and kidney damage, Parkinson's and heart diseases. 3 Chromium is one of the essential elements in human nutrition and plays a fundamental role in the metabolism of carbohydrates, proteins, lipids and nucleic acids. 4 Gallium exists in nature only in its 3+ oxidation state and it has no known biological role. However, because gallium and iron salts behave in a similar way in biological systems, gallium ions often mimic iron in some medical applications; for instance, certain drugs and radiopharmaceuticals containing gallium have been used.
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All indium compounds should be regarded as highly toxic and are able to damage the heart, kidneys and the liver, and may be teratogenic. 6 Finally, arsenic is one of the most toxic elements known. Despite its toxic effect, inorganic arsenic can be found on earth naturally in small quantities. Humans can be exposed to arsenic through food, water and air. Exposure can also occur through skin contact with soil or water containing arsenic. 20 Moreover, most probes for trivalent cations display sensing features in organic solvents and it is rare to find probes for these cations in pure water. 21 Taking into account these facts, and our experience in the synthesis of molecular and material-based sensors for the optical recognition of chemical species, 22 we report herein the synthesis, characterisation and chromo-fluorogenic behavior toward cations of the chalconebased probe 3. The synthesis of 3 is shown in Fig. 1 . In the first step, 4-aminoacetophenone was reacted with ethylisothiocyanate, yielding derivative 1. Then, 4-(N,N-dimethylamino)benzaldehyde was condensed with 1 to give the chalcone-based product 2. Finally, reduction of the a,b-unsaturated carbonyl moiety in 2, using sodium borohydride, yielded probe 3. The most characteristic 1 H NMR signals (CDCl 3 ) of probe 3 were one doublet ( J = 4 Hz) centered at 5.3 ppm, which was ascribed to the proton in the carbon atom functionalized with an hydroxyl moiety and attached directly to the trans double bond; one double doublet ( J = 14, 4 Hz) at 6.1 ppm for the proton of the trans double bond linked directly to the carbon atom bearing the hydroxyl group; and another doublet ( J = 14 Hz) at 6.5 ppm attributed to the other proton in the CQC bond. Moreover, the aromatic protons appeared, as doublets, at 6.6, 7.1, 7.3 and 7.4 ppm, whereas the singlet at 2.8 ppm was ascribed to the N,N-dimethyl moiety.
Water-acetonitrile 95 : 5 v/v (pH 7.0) solutions of probe 3 were colorless and only intense absorption bands in the UV region were observed. The optical response of probe 3 was tested upon addition of 2 eq. of selected anions (i. the appearance of a new absorption band after ca. 5 minutes in the visible region centered at 511 nm (see Fig. 2 ). The appearance of the new absorbance produced a marked color change from colorless to deep violet (see Fig. 3 ).
Having assessed the highly selective response of 3 toward trivalent cations, the sensitivity of the probe was studied by monitoring UV-visible changes in water-acetonitrile 95 : 5 v/v at pH 7.0 upon the addition of increasing quantities of Cr 3+ , Fe 3+ , Al 3+ , Ga 3+ , In 3+ and As 3+ . The UV-visible titration profiles obtained in the presence of the six trivalent cations were quite similar and, as an example, the complete set of spectra obtained for probe 3 and Cr 3+ cations is shown in Fig. 4 (for titrations with the other trivalent cations see the ESI †). As seen in Fig. 4 , upon addition of increasing quantities of Cr 3+ to water-acetonitrile 95 : 5 v/v solutions of 3, the absorbance at 516 nm progressively increased. Moreover, from these titration profiles with 3, the limits of detection (LOD) were calculated (see Table 1 ). The LOD were in the mM range and were similar to those calculated for other recently published probes for trivalent cations.
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Moreover, we also found that water-acetonitrile 95 : 5 v/v solutions of 3 showed, when excited at 300 nm, an intense emission band at 397 nm. From all the cations tested, only the Fig. 1 Schematic representation of the synthetic route used to prepare probe 3 and structure of its dehydration product 4. and As 3+ indicated the formation of a final highly conjugated molecule. Taking into account both the facts, we proposed a cation-induced dehydration of probe 3 to yield the highly delocalized cationic molecule 4 (see Fig. 1 ) as the mechanism in control of the chromogenic modulations observed. This hypothesis was confirmed by the fact that addition of p-toluenesulfonic, hydrochloric or sulfuric acids (able to induce dehydration reactions) to water-acetonitrile solutions of probe 3 induced exactly the same chromo-fluorogenic changes (see the ESI †). Moreover, HRMS carried out for the compound obtained through p-toluenenesulfonic acid-induced dehydration of 3 showed a molecular fragment at m/z 338.1687 indicative of the formation of 4 (m/z: 338.1691 calculated for C 20 H 24 N 3 S + ).
Chemical reactions that induced an extension of conjugation were recently used as a mechanism for the preparation of fluorogenic probes for Hg 2+ cations 23 and reactive oxygen species. 24 Also, 1 H NMR measurements were carried out in order to assess the dehydration mechanism for the color changes observed in the presence of Cr 3+ , Fe 3+ , Al 3+ , Ga 3+ , In 3+ and As 3+ . In this respect, probe 3 was dissolved in CD 3 CN and its 1 H NMR was registered before and after addition of 20 equivalents of Al 3+ cations. The obtained results are shown in Fig. 6 .
As a general trend, all the resonances of probe 3 were downfield shifted upon addition of Al 3+ cations. The most remarkable shift was that of methyl groups that in probe 3 appeared as a singlet centered at 2.8 ppm, which was displaced to 3.3 ppm in the presence of Al 3+ (data not shown in Fig. 6 ). This remarkable shift could be ascribed to the fact that the methyl groups in the reaction product were directly linked to a positively charged nitrogen atom. Dealing with the signals of the aromatic protons of probe 3, all resonances showed marked downfield shifts upon addition of Al 3+ cations. In fact, most of the signals of the final product appeared as a broad multiplet in the 7.0-7.7 ppm interval. However, the most remarkable shifts were suffered by protons He, Hd and Hc, located in the vicinity of the hydroxyl group of probe 3. induced quenching of the emission of free 3. The probe was also quite sensitive with LOD in the mM range. As far as we know, probe 3 displays a different sensing mechanism from those already reported for the detection of trivalent metal cations; moreover, this is also one of the few probes able to display sensing features for these cations in an aqueous environment.
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